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V. STRUCTURES AND MATERIALS

- Session Chairman - Richard R. Heldenfels
- 24. Introductory Remarks - Richard R. Heldenfels
T 8. mﬁd\nﬁﬁ.&w Ooimmawm_%z of Al- Hwoa%mmba, WiAg- Bod Eacaxmwwaaomm:.
L /" Fueled Hypersonic Aircraft - Mark D. Afdema and Thorbas J. Gre
26. Structural Materials for Hypersonic Aircraft - Bland A. Stein, Walter Illg,
and John D. Buckley
27. A Carbon Dioxide Purge and Thermal Protection System for Liquid
Hydrogen Tanks - L. Robert Jackson and Ellsworth L. Sharpe
28. Fuselage and Tank Structures for Hypersonic Aircraft - John L. Shideler
and L. Robert Jackson
. 29. Analysis of Wing Structures for Hypersonic Aircraft - Melvin S. Anderson,
James C. Robinson, and George F. Klich
30. Regeneratively Cooled Structures for Hypersonic Aircraft - H. Neale Kelly
and John L. Shideler
31. Dynamic and Aeroelastic Consideration of Hypersonic Aircraft - A. Gerald
Rainey and Dennis J. Martin
32. Flutter Design of Stiffened Skin Panels for Hypersonic Aircraft - Herman L.

Bohon, Melvin S. Anderson, and Walter L. Heard
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Hypersonic Technology Problems Identified in Mission Studies - Hubert M.
Drake, Thomas J. Gregory, and Richard H. Petersen
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H. M. Drake

HYPERSONIC TRANSPORT
TYPICAL CONFIGURATION RANGE-PAYLOAD CAPABILITY

n
-

P
T

CRUISE MACH NUMBER
6

4
8

w
T

)
T

\Y

PAYLOAD + RESERVES FRACTION

1 1 i 1 1 ] ]
0 2 4 6 8 10 12 14
RANGE, 1000 n.mi.
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H. M. Drake

CRUISE AIRCRAFT STUDY
200 PASSENGERS

5000 n. mi. RANGE

4 GROSS WEIGHT, 103 Ib I
CONFIGURATION SIMPLIFIED DETAILED | PROJECTED
PERFORMANCE | PERFORMANCE | PERFORMANCE
ESTIMATES ESTIMATES ESTIMATES
DELTA-WING BODY 585 750 52|
BLENDED WING
e, 555 512 40|
_ y,
Slide 7.

INLET/ENGINE INSTALLATION

COWL DRAG

NACELLE DRAG

Slide 8.
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H. M. Drake ,

SONIC BOOM CHARACTERISTICS
TANK CONSTRUCTION CRUISE ALTITUDE 100,000 ft McRUISE = ©
1000
v
INSULATION -
EFFECTIVE MODIFIED, 7
CROSS SECTIONAL 500 | .~ BASELINE
AREA, sq ft P
/ /
INSULATION .
l 1 1 1 S |
INTEGRAL NONINTEGRAL ) .2 4 6 8 1.0
HELIUM ; N x/1
DISTRIBUTION g 2 3
SYSTEM —- i AN,
> Ve 24N
OVERPRESSURE, \
psf \
hr \\
1 h, 1 |
0 1000 4000 5000
RANGE, n. mi
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E— H. M. Drae

TR
' REUSABLE LAUNCH VEHICLE PAYLOAD RATIO COMPARISON CONFIGURATION MATRIX

BLENDED BODIES

06
i GROSS WEIGHT

1.0x108 1b 2.0 M=i2 SCRAMJET 4.0

M=8 TURBOFAN/ _~

04 r RAMJET -~

WpayLOAD
WGRoSS

.02 VTOHL ROCKET

1 1
0 50 100 150 200

PAYLOAD SIZE, 1000 |b

. Slide 17. Slide 18.
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H. M. Drake

-
w
LY
y EFFECT OF SONIC BOOM ON PAYLOAD PROBLEM AREAS
CONFIGURATION  AERODYNAMICS PROPULSION (CONTINUED)
. 05 — PERFORMANCE ENGINE
HYPERSONIC L /D CYCLE
' - TRANSONIC DRAG SFC (HYPERSONIC, SUBSONIC)
STABILITY AND CONTROL COOLING LOAD
04 - SONIC BOOM WOZZLE
TAKE-OFF AND LANDING EFFICIENCY
- SECOND STAGE INTEGRATION /SEPARATION COOLING LOAD
o5 - HPERSONIG. VISCOUS. FLOW INTEGRATION WITH AJRFRAME
PAYLOAD TRANSITION STRUCTURES  CONCEPTS
WEIGHT - INTERFERENCE HOT STRUCTURES
HEATING TANKAGE
. FRACTION ., _ REGENERATIVE COOLING
. PROPULSION INLET NATERIALS
_ PRESSURE RECOVERY AEROELASTICITY
FLOW DISTORTION
ol - SINPLIFICATION OPERATIONS
. COOLING LOAD SAFETY
B - INSPECTION
60T
ol : , L L . ! DEVELOPMENT
2 3 a 5 6 7 8 et

MAXIMUM OVERPRESSURE, psf

Slide 21. Slide 22.
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(L/Ddyax

x&&&&&&&&&&%

SUPERSONIC CRUISE AIRCRAFT (L/D)max
WIND TUNNEL REYNOLDS NUMBER

I

i

\\\\\\\\\\\\\\\\\\\\\

_ I
1960 1962 ea o S
YEAR

Slide 1.

DRAG

45%

20%

35%

J. L. Jones

COMPONENTS AT (L/D)max

DRAG DUE TO LIFT

WAVE DRAG

SKIN FRICTION DRAG

SUPERSONIC TRANSPORT

M=2.7 AT mﬂ.OOO.T—

Slide 2.

7. 50%

30%

20%

HYPERSONIC TRANSPORT

M = 6.0 AT 100,000 ft
RANGE = 5600 n.mi.
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Experimental and Theoretical Aerodynamic Characteristics of Represen-

tative Hypersonic Cruise Configurations

Part I - Lift and Drag - Walter P. Nelms !
Part I - Stability and Trim - John A. Axelson
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CONFIGURATIONS

T

REFERENCE MODEL

%
T _

-~

96 I,

b—

(L/Dlmax

T

19.82 N, ———mrm———sy f

A\I‘lmm

FLAT-BOTTOM MODEL

Slide 1.

15, 83in, i_

BLENDED MODEL

W. P. Nelms
J. A. Axelson"

EXPERIMENTAL CHARACTERISTICS

I
IN,. ZERO-LIFT DRAG

CONFIGURATION

NACELLES OFF:
—— REFERENCE
— —FLAT-BOTTOM
——— BLENDED

) MAXIMUM LIFT-DRAG RATIO

Slide 2.
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LIFT CORRELATION
REFERENCE CONFIGURATION ~ NACELLES OFF

3]
O I“WI'GNI
12}

- 0L 1 1 ) ) 1 } ) )
EXPERIMENT :
05 o
@U THEORIES:
Qu o} @ LINEARIZED METHOD
© TANGENT CONE AND WEDGE
Ve © NEWTONIAN

04

03+ 1)

: 02+ M\//Oﬂdﬂ o

Slide 5.

(L/D)max

W. P. Nelms

J. A. Axelson*

MAXIMUM LIFT-DRAG RATIO CORRELATION
REFERENCE CONFIGURATION - NACELLES OFF

EXPERIMENT :

O MIXED-FLOW BOUNDARY LAYER
r ® ALL-TURBULENT BOUNDARY LAYER

O THEORIES :

TURBULENT BOUNDARY
LAYER

© NEWTONIAN

LAMINAR

RY LAYER

(0]
° © LINEARIZED METHOD
- o © TANGENT CONE AND WEDGE
o)
®

Slide 6.
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CONFIGURATIONS

4 Lr 80

l_ 18.41in. {

% o

REFERENCE MODEL 40
%C
20

| 19.82 in. _ _ 15.83in. # -20

A\MA@TA

FLAT-BOTTOM MODEL

BLENDED MODEL

Slide 1.

LONGITUDINAL AERODYNAMIC CENTER
NACELLES AND WING-FINS OFF

W. P. Nelms
J. A. Axelson

% 4.C.,
TRAVEL
FLAT-BOTTOM MM H
°_ 4
. Td 1
REFERENCE |
35
| | L 1 1 |
T T 15 T ~ 11
BLENDED
| i | ] I +
4 3 6 8
M
Slide 2.
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80

20

DIRECTIONAL AERODYNAMIC CENTER

REFERENCE MODEL

VERTICAL TAIL
WEDGE

THEORY

Slide 5.

80 -

60 |-
%C
40

W. P. Nelms
J. A. Axelson

DIRECTIONAL AERODYNAMIC CENTER

COMPLETE MODELS

FLAT-BOTTOM

<>~
e

|

RUDDER
FLARE

© 35°

v

~

=~ 15°

=
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Configurations Derived From Trade-Off Studies - Jim A. Penland, Clyde

w.OOvawmﬁZmbmwo%:mbnmﬁ:%oﬁﬂiomuﬂmamoaoOnﬁmm?wnwmm !
- L. W. Edwards, Robert D. Witcofski, and Don C. Marcum, Jr.
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J. A. Penland

HYPERSONIC CRUISE AIRCRAFT

DELTA WING BLENDED WING BODY
65° B

GROUND RULES FOR COMPARATIVE
CONFIGURATION STUDIES

MISSION .o COMMERCIAL TRANSPORT
PAYLOAD...... 50 000 Ib (200 PASSENGERS) ﬂl%
RANGE..... 5000 n.mi. ﬂ A
CRUISE SPEED...... M =6 374 ft - 33211 __
PROPULSION TURBORAMJET
FUEL oo e oo L1QUID HYDROGEN DELTA WING mrmzmmw< WING
SPEED, knots
TAKE=OFF oo i60 GROSS WEIGHT, 1b 750,000 512,000
LANDING .......o oot sressseressne e 135 STRUCTURE WEIGHT
GROSS WEIGHT ' 7 32.5 26.3
(/D) g0 CRUISE 4.6 5.1
WING LOADING, psf 76.0 50.0
Slide 1.

Slide 2.
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LONGITUDINAL STABILITY

Mg= 0.1 DELTA WING

owooo_c I
THEORY

Slide 5.

COMPONENT

J. A. Penland ,.

EFFECTS ON LONGITUDINAL STABILITY
Mo = 0.); R; = 2.2 x105; 8, =0°

CONFIDENTIAY

Slide 6.
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J. A. Penland

DIRECTIONAL STABILITY HYPERSONIC PERFORMANCE CHARACTERISTICS
M_=6.0; R;=13.3x108
24r
.20}
Jet o
BLENDED WING BODY Lol &
EXP.~
5r UNTRIMMED o8| ®
o)
04 o~ THEORY
A - ! I 1 ! 1}
L/D
ur
Nl
| -
o

Slide 9. Slide 10.
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J. A. Penland

CONFIGURATION MODIFICATION EFFECTS ON (L/D) 144

. Mg=6.8; R85 x10°
PARAMETERS AFFECTING FLIGHT EXTRAPOLATIONS OF
’ BASIC DOUBLE BLENDED (L/D)nax
DELTA DELTA WING
WING —~&~| | BODY
@ FR=3 O
PRESSURE DRAG, Cp,
(L/D)max .
m —
e DRAG DUE TO LIFT, Cp |
4| THEORY
UNTRIMMED \___ TRIMMED CONTROL EFFECTIVENESS, ACm, AC,, AC,
u -
FRICTION DRAG, Cp ¢
N |—
ol

Slide 13. Slide 1kh.
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Experimental Aerodynamics and Analysis of the Stage Separation of
Reusable Launch Vehicles - John P. Decker
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J. P. Decker

REUSABLE LAUNCH VEHICLE
AERODYNAMIC INTERFERENCE

Slide 1. Slide 2.
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WIND-TUNNEL MODELS
2-STAGE VEHICLE

LIFTING-BODY
SECOND STAGE

3-STAGE VEHICLE

SPACECRAFT
SECOND STAGE

Slide 5.

_ %HMA—v;JLfmngHVmWth

J. P. Decker

STAGING VARIABLES

 —
i &

Slide 6.




"8 °PTIS *L SPTIS

Bep ‘o bop ‘o
I 14 - T - -
8 ¥ O ¥ 85, g8 ¥ 0 ¥ By
3344 EELE]
3ON3YIJHIINI BONFIIINIT ™~
VI.N I// - ll/ O . / mo
/.lV.l////l!.!.lll/ ._ EU lﬂ://l / ._ Wy
3SVITIY S = ¥0 TN av0
Se——— T
~ £ R Y I B
’ ||wo' .III.LwO.
_ T _ T O _ ! T T b0~
VI |- . e I
||||||||||| =20 2wy e 0 2'u,
, 02" —-— = 0z —-— ) B an/.ll
€] —— 3344 o CI e — 3344
. 010 =mmmem £ NESEEVEIN] —40 O1'0 ceeeee 3JON3YIIHILNI -0
1/2v /v
00=1 :9="W 20z 'e="W
- ONIOVdS 40 103443 ONIOVdS 40 193443

xox09Qq *d ‘L



e

EFFECT OF INCIDENCE ANGLE
Mo=3; Az/1=0.13

.04y 207 >~
/ .
i,deg llth%o
0 t\\.\\\‘lk 16+
o _.-- 0™ N
-04e - 11\\W. ._NHII
C c T /
m,2 \\\\ m,l ~~.
-.08[ - 08¢ 5~
—I2p — .04} 0
l._m 1 L I\ J O 1 1 L |
-8 -4 0 49 8 12 -8 -4 (0] 4 8 12
a,deg a,deg
Slide 9.

J. P. Decker

SCHLIEREN DATA
Mg=3; @=0°% i=0°A42/1=015

= LIFTING BODY

SECOND
STAGE

FLOW

Slide

10.
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~ e J. P. Decker

EFFECT OF SPACING oz. u.o.m._.>om VEHICLE EFFECT OF DYNAMIC DERIVATIVES
M, =0.60;i=0 Mg=3; ALT.=70,000 ft; a=6°% i=5°
. Az/ - -
16 RELEASE \. VA _ O_NO~ Ao:._mv_ulb rad “AO_ﬂmvmuLBa _
fl —— 3 -40 :
2= il e—e B \
\ —— 20
: ! / SAFE SEPARATION
/ (Cmg)2, oo_._._m_oﬁ//////
/ rad” \ UNCERTAINTY
s -20 N
il
ESTIMATEDN
INTERF ERENCE INTERFERENCE-X
FREE VALUESY _ .
-08 ﬁ _ . | 0 -20 - 40 -60
s 4 0 4 8 12 -1
P.QQO AO:JDV_- rad

Slide 13. Slide 1kL.
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The Prospects of Aerodynamic Performance Gains From Wing Camber
and Twist at Low Hypersonic Mach Numbers - Ralph L. Carmichael
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R. L. Carmichael

DRAG DUE TO LIFT FOR A DELTA WING TYPICAL PANEL LAYOUT FOR WING-BODY COMBINATION
A =70°
4
Z
Uo

Cp T OPTIMUM WARP "
— 2|
BC|

s

1 1 1 i ]
S 2 3 4 5 6

MACH NUMBER

Slide 1. Slide 2.
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DRAG DUE TO LIFT
DOUBLE DELTA WING-BODY

d/b=.25

FLAT

wERNR

OPTIMUM WARP

A 1 i |

N

3 4
MACH NUMBER

Slide 5.
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R. L. Carmichael

LIFT/DRAG IMPROVEMENT BY USE OF WING WARP
NOMINAL CRUISE CONDITIONS: h=90,000 ft, Cp =.0l, M=5

OPTIMUM
OPTIMUM WARP
5 FLAT WARP FLAT
(L/Dhyax
%4
0 .
DELTA DOUBLE DELTA
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QUESTIONS TO BE CONSIDERED

® WHAT PROFILE SHOULD BE USED?
® WHAT IS THE EFFECT OF BASE AREA?

@® WHAT IS THE EFFECT OF CROSS-SECTIONAL SHAPE?

Slide 1.

L. S. Stivers

ILLUSTRATION OF BODY CUT-OFFS

— CONSTANT LENGTH

CONSTANT VOLUME

ll'uuuu..
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L. S. mﬁﬁwum,

DRAG CHARACTERISTICS FOR SEARS-HAACK BODIES DRAG COMPONENTS FOR k=.] SEARS-HAACK BODY
a=0°  a=0°
008 —
014 -
012+
006 °
.0I0 |
Cp
.008 |-
.004
.006 |-
-004 - .002 =
002 |
1 i 1 1 I 1 1 1 { 1 1 ] 0 t
o] 2 4 6 8 io 12
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MINIMUM WAVE DRAG BODIES MINIMUM WAVE DRAG BODIES

FIXED VOLUME AND LENGTH CROSS SECTION EFFECT FIXED VOLUME AND LENGTH CAMBER EFFECT
M=10.0 R;=1.4%108 k=.5 -
N —
Cop
13 BODY PROFILE N L/D - o oI35
CriL/my 1.2 ol ' )
MAX . h t 1 o .0135
orF\EszﬁEnmm_ 11 ﬁe ] o — -
1.0 1__rt 1 1 i | l -2 -
o 1.05 - . L _ [ f [
__MN .00 | o—0—=0 A ,
Cpy, ., [ELLIPSE]
MIN 95 IA\ 1 1 i 1 1 ] .
L2 r
(L/D)max —._N
=
(L/D) ELLIPSE R
MAX ﬁ _ 1.0 Ie 1
(0] 4 6 8 -o02 L
BODY BASE HEIGHT TO -1 0 A 2 .3 4
SPAN RATIO, h/b REFERENCE LIFT COEFFICIENT, C_
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7. A Study of Numerical Methods for Predicting Flow About Bodies at Angle
of Attack - William F. Gallo, John V. Rakich, and Joseph W. Cleary
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S — W. F. Gallo,

15° SHARP CONE Mg 10.6 WINDWARD SIDE
|. EXACT THREE-DIMENSIONAL 3. BABENKO
METHOD OF CHARACTERISTICS TABULATED CONE — 3-D CHARACTERISTICS
SOLUTIONS == ==- EQUIVALENT BODY
2. LINEARIZED METHOD OF —-— LINEAR CHARACTERISTICS
CHARACTERISTICS . o —  BABENKO
V2= (Vo+aV, cos ¢)2 +(aw,sin$)2 - 4. EQUIVALENT BODY B EXPERMENT AT X/L=.27
0O EXPERIMENT AT X/L=.78
EQUIVALENT BODY AT ZERO
ANGLE OF ATTACK 06
\\\ ] \ \
e - \
y _ | 04 \
© g \
et n/ % \
- - o0z ‘
- \
T—
ol 1 ) 8y I L. | i
0 ! 2 3 4 5 6 7 8 9
WINDWARD SIDE LEEWARD SIDE PITOT PRESSURE COEFFICIENT, Cp
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PITOT PRESSURE PROFILE

15° BLUNT CONE My =10.6 . WINDWARD SIDE

3-D CHARACTERISTICS

EQUIVALENT BODY
LINEAR CHARACTERISTICS y AA

MODIFIED LINEAR CHARACTERISTICS &

EXPERIMENT a=5° M

2 3 4 5 6
PITOT PRESSURE COEFFICIENT, Ovu
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X/R=3.6

r® =180°

W. F. Gallo

PITOT PRESSURE PROFILE
15° BLUNT CONE Mg 10.6 LEEWARD SIDE X/R = 3.6

/R

7 Y

&€

a-=5°

x

3-D CHARACTERISTICS

EQUIVALENT BODY

LINEAR CHARACTERISTICS

MODIFIED LINEAR CHARACTERISTICS
EXPERIMENT

0 1 2 3 4

5

PITOT PRESSURE COEFFICIENT, n_uv
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W. F. Gallo.

THEORETICAL MACH NUMBER PROFILE

Mg =8.0 WINDWARD SIDE APPLICABILITY OF THEORIES
—-— LINEAR CHARACTERISTICS (" BABENKO 3 DIMENSIONAL |EQUIVALENT |  LINEARIZED zoc_:mo/
20 - / / CONICAL CHARACTERISTICS|  BODY CHARACTERISTICS | LINEAR
I6 o\ o o SHARP
a=10°\ 5 -3 I5° CONE GENERALLY GOOD{GENERALLY 600D FAIR FAIR TO POOR | ———
12 - _
/R / BLUNT
8 - ry REGION OF FLOW APPROXIMATED 15° CONE —_——— 600D 600D POOR 600D
\ \ roy BY SYMMETRIC BODY Y/R <4
4- S \ \ SLENDER
o L p—— ——— | R o) R p—
LSy FINENESS
Om o = 8 9 x\m"_awL @:oi -
M 7
Slide 9. Slide 10.



4l




8.

Studies of Airframe-Propulsion System Integration for Mach 6 Cruise !
Vehicles - Frank S. Kirkham, James M. Cubbage, Jr., Walter A. Vahl,
and William J. Small
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MACH 6 CRUISE CONFIGURATION

Slide 1.

F. S. Kirkham

NOZZLE-EXIT-PRESSURE RATIOS
Mg =6

4 < f
IN-LINE Ae
STATIC - TURBORAMUET
PRESSURE 3 WRAP -AROUND
RATIO, p./p TURBORAMJET

L |
| 1.5 20 25
EXIT -TO-INLET AREA RATIO, A, /A,
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F. S. Kirkham

COMPARISON OF NACELLE DRAG IN LAMINAR EFFECT OF A./A;
AND TURBULENT FLOW 2-POD NACELLES ; My, =6 ; L, . /d; = 0.250

6~  My=68 Mg 60
LAMINAR FLOW  TURBULENT FLOW

RELATIVE DRAG ™
OF POD AND POD NACELLES o2

2-D NACELLES

.008

\;m,_u NACELLE

004

a, deg
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F. S. Kirkham

EFFECT OF NUMBER OF NACELLES ON UNTRIMMED @a& TWO-DIMENSIONAL NACELLE WITH
Mo=6; A \>w"_.m..ﬂmu._,="o.mmo FLOW-THROUGH DIVERTER
zshm.mw_mm._.m 2 NACELLES 4 NACELLES
4,0 - .
EXPERIMENT
e THEORY
351 //W
® .
O max
3.0+
- N
oL T
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F. S. Kirkham

JET-INTERFERENCE FLOW MODEL EFFECT OF JET INTERFERENCE ON w
Mg = 6 ; ALTITUDE = 100000 ft ; Anro..vo" 5
CRUISE CONFIGURATION .25 N m
7 FLOW_MODEL P o

20 P Pe -

NORMAL

) v 1.0
1.00
EXPANSION WAVE
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Scramjet Vehicle Engine-Airframe Integration Effects - Louis J. Williams
and Darrell E. Wilcox
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] L. J. Williams |

| Il O N A [
CONFIGURATIONS ENGINE - AIRFRAME INTEGRATION

e BacTuar
I (BFpeaL

V(L/D)airrrRAME (ISP) ENGINE
|- (V/Vg)?

{BF)ipEAL =

(L/D)AIRFRAME —— T

N e

=
AHMVV ENGINE _amzo_ZM NOZZLE

. Wy
BFacruaL® W ppe—

(BF) = Cy (BF)
ACTUAL IDEAL
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10.

Handling Qualities of Hypersonic Cruise Aircraft - Harold J. Walker an

Milton O. Thompson







H. J. Walker

HIGH-SPEED CRUISE CONFIGURATIONS

HYPERSONIC CONFIGURATIONS

TREND IN LIFT-TO-MASS RATIO
PER UNIT OF q AT CRUISE q
3 1200 "
, SUBSONIC
T3]
., T 7 €L, | 8OO psonIc
AN = |\ g e \ ,.
A N ZHST
#Y/lb sec? . //Wan| o ft /sec? 200 W 3 axmx .N”]N
SST/N ™~ __ _ ZHST 4 4
%
SST DESIGNS o 3 s . s 0 7 3 6 8
. M M
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11.

Some Effects of Mach Number and Geometry on Sonic Boom - Raymond M.
Hicks, Joel P. Mendoza, and Lynn W. Hunton
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DESCRIPTION OF THEORETICAL AND EXPERIMENTAL PROCEDURE

THEORETICAL EXPERIMENTAL

AREA %{l

O_mﬂm_mc._._oz

|||||||| WIND TUNNEL MEASUREMENT
OF NEAR FIELD PRESSURE

LIFT SIGNATURE
O_m4m_mC4_oz
INTERFERENCE LIFT
O_mﬂm_WCﬂ_oz
CALCULATE F-FUNCTION CALCULATE EXPERIMENTAL
(SOURCE DISTRIBUTION F-FUNCTION (SOURCE
ﬂcznﬂ._ozv U_w._‘m_mc._._O‘z FUNCTION)
CALCULATE PRESSURE CALCULATE PRESSURE
m_oz\yﬂ.cwm w_OZDﬂ.CEm

N
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EVALUATION OF EXPERIMENTAL PROCEDURE

XB-70 X-15
M=(.8 M=5.5

—O— WIND TUNNEL
=== DERIVED FRON WIND

TUNNEL h/2 =1
AP/P h/1=4.5
FLIGHT — FLIGHT, a=I°
===~ DERIVED FROM WIND ~~=~ DERIVED FROM WIND
— TUNKEL h/2 =1 TUNNEL h/2 =1
AP/P —~=] h/71=290 AP/P h/2 =1770
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R. M. Hicks

—O— WIND TUNNEL
h/1 =i
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COMPARISON OF WHITHAM'S THEORY WITH THE CONE
TABLES AND EXPERIMENT
7.5° HALF-ANGLE CONE

m -~
o EXPERIMENT
—— WHITHAM'S THEORY
B —— CONE TABLES
SHOCK WAVE
6 MACH /
WAVE i /
7),deg
4 |-
N —
1 ]
o} 6
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BLENDED WING BODY

ALL BODY

Lo e R NN W - —

MODELS
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12.

Boundary Layer Transition on Hypersonic Cruise Aircraft -
Kazimierz R. Czarnecki, Jerry M. Allen, and Mary W. Jackson
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AIRPLANE COMPONENTS AFFECTED BY TRANSITION

TAIL LEADING EDGE

CONTROL LEADING
EDGE

NACELLE LEADING EDGE

INLET SPIKE

WING LEADING EDGE

Slide 1.

K. R. Czarnecki,

TYPICAL TRANSITION DATA

CONES
60.0 %108
4001
200} w Aa
0 % o P .
100 e wl
mx.? 80 - o
6.0 e} OOO
40} %o m%
B o0
@ TYPES OF DATA
20l S O WIND TUNNEL
o @ BALLISTIC RANGE
A FREE FLIGHT
1.0
8 1 1 1 L |
0 8 10 12 14 16
M,
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K. R. Czarnecki

SOME FACTORS AFFECTING TRANSITION

TUNNEL <<>_|_|

REASONS TO EXPECT UNIT REYNOLDS NUMBER EFFECT

TURBULENT WALL
BOUNDARY LAYER
@ NOSE BLUNTING

w’\/OOf
oy
® HYPERSONIC VISCOUS INTERACTION e " ~ =55 \
o TUNNEL WALL EFFECTS — \\\\\\\\\\\\mrczﬂo CONE/.
[ J -~ Lo f moceo 4 l,v\.v.v@s,m,‘tnkg
va\mﬂ
DISTURBANCES FROM

WALL BOUNDARY LAYER
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EFFECT OF HEAT TRANSFER

INFINITE_STABILITY TRANSITION
Tu/T
_&\ - Potr
7 _ _ INFINITE
sk STABILITY, NATURAL
| | [rEsroTi TRANSITION
A Y
// —
6t .
/* | DUNN AND Ln|
4l "\, —RESHOTKO 7 Ve
TRANSITION
. WITH
ol INFINITE | ROUGHNESS
: STABILITY r ...........
_ M,= 7.8
b ] l l L J
0 2 4 6 8 0 .2 .4 6 .8 10
M; Tu/Tt
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EXTERNAL
STREAMLINE

1.0

1

K. R. Czarnecki .

EFFECT OF SWEEP ON TRANSITION

geﬂb.m a=0°
A-A
z
Rp REFERENCE
T 1.2 x103 L JILLIE AND
© 50.0 HOPKINS
14.5 DUNNING AND
ULMANN

THEORETICAL EFFECT
OF BLUNTNESS

LATERAL
SPREAD OF
— TURBULENCE

20

30 40

50 60 70 80
SWEEP ANGLE, A,deg
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13.

Transition Fixing for Hypersonic Flow - James R. Sterrett,
E. Leon Morrisette, Allen H. Whitehead, and Raymond M. Hicks
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. J R. Sterrett .

PAINT PATTERN DOWNSTREAM OF ROUGHNESS ELEMENT METHODS FOR DETECTING TRANSITION
5° BLUNTED CONE; M ~8; k/8, ~24 M. =6
[+ 0]
HEAT TRANSFER VELOCITY PROFILES
/"ROW OF SPHERES 10
4 = o
FLOW mx.:m - mw NATURAL
—_— O 35xI0° ~ NATURAL - & TRIPPED
0 10g 0 <7x160- TRIPPED 13
| N - END B
| St TRANSITION wa - o ©
1= I oofB
p h | m _%HBH %g : 00 3
[ Qg O S v A v
- ROUGHNESS SPHERE - @ \3
_ m i 1 1 L 1 1 | | O— L} I | ! 1 1 | 1 }
. — 0 4 8 2 & 0 4 6 8 10
! x,in. u/ug,
\_BEGINNING OF PAINT REGION ON MODEL
~-ROUGHNESS SPHERE
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VARIATION OF ROUGHNESS-INDUCED TRANSITION

Mg =6; Ry, /ft 85x108; @=0°

VARIOUS ROUGHNESSES ON PLATE;

VARIOUS MODEL

R, = 0.8x10° CONFIGURATIONS
: Ry &
1 CYLINDRICAL RODS -O- 70° SHARP WING  0.5x10®
6 O SPHERES 6
4XI0% A TRIANGULAR RODS [ SHARP PLATE .BxI0
A PYRAMID
* PINHEAD
u -
2
_
] | | | 1 I | il
0 12 3 5 0 2 3 4 5
K/B, k/3,
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J. R. Sterrett

CORRELATION OF R, . AND M;

K/3c< 1 Ree?f(Rek) F Rek> 0% K/8,>10 Rye = f(Ryy)

106 # R, , ~ 10° |PRESENT
- —TER et al DATA
S Ry 108 | K/By>
51
10 8% k /8, <!
Ric POTTER et al
_O# -
B |
¥
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OIL PATTERNS DOWNSTREAM OF ROUGHNESS ELEMENTS

START OF
SEPARATION
~ROUGHNESS ELEMENTS —BEGINNING
ON PLATE

{ OF WEDGE

——Z, LY IIL IS

Z (e (Lt 27 LY. i
POSITION OF THERMOCOUPLES ON WEDGE
ROWS OF THERMOCOUPLES

Slide 9.

TRANSITIONAL SEPARATION.ON 70° DELTA W

|
TRAILING - EDGE FLAP; NO ROUGHNESS; Mg, =6.0; R /ft=7x _Oa—”h

A"

A

END OF TRANS.

FOR 8,+=0°

B=-40°

BEG. OF wmm/

Slide 10.

J. R. Sterrett
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J. R. mﬁmﬁ.m@.

LEE SIDE OF 70° DELTA WING TRANSITION CLOSE TO ROUGHNESS
Mg = 6.0; Rp/ft = 6.9%10%; a=10° TYPICAL TUNNEL CONDITIONS FOR A PLATE

FLOW ON WING PRESSURE DISTRIBUTION B
3=-30°
6l —AC_ >50%
SPANWISE EFFECTS D
VERY LARGE
LEE «/._....
wr pn.vﬁ...
..IDOOV 25%
N B .
= AC . =5%
FLAP-WING 0
JUNCTURE — i | | |
| I L L L J ) 0 4 6 8 10
-5 -4 -3 -2 -l o 1 2 M
X 1
c
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14.

Some Topics in Hypersonic Turbulent Boundary Layer, Heat
Transfer, and Skin Friction - Mitchel H. Bertram and Aubrey M.

Cary, Jr.
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TOPICS IN TURBULENT BOUNDARY LAYER

* EFFECT OF WALL TEMPERATURE
« TRANSFORMED VELOCITY PROFILES
« HEAT TRANSFER TO DELTA WINGS
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M. H. Bertram

X~15 HEAT-TRANSFER RESULTS

—— REFERENCE TEMPERATURE
..... m“.oJ VAN DRIEST

—-— R=107
—--— WINKLER
M;=3 M;=5
1.0 t L
.8}
N ADIABATIC
St WALL
N 6
St,i
4
.2
0 4 .8 1.2 0 4 8 1.2
Tw Tw
._-D ﬂm
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BARONTI-LIBBY TRANSFORMATION FOR VELOCITY PROFILES

30r TURBULENT FLOW;M, = 2.5 TO 8
dp/dx = O
25| p/
20+
15
IO} M Tu/Tt C¢/Ces-c
0 249 92 103
0 444 87 102
5 o 600 .63  Lor [ TUNNEL WALL
5 A 680 .50 103
T N 7.95 53 LI
o___:_ Lot Lol Lot
4 10 102 _ @ 103 104
§= ===
v
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M. H. Bertram

BARONTI-LIBBY TRANSFORMATION FOR VELOCITY PROFILES

30~ TURBULENT FLOW ; M; = 15 TO 20
dp/dx = O
25
201~
—1-=2.43 In 7.5¢
_ ur
TR o
5. 15 @OQO&%&Q%&DmDDDm
o
€ My Tw/Tt C/Crs-c
5| o 156 100 LI4 2.87°CONE, HELIUM
D 202 100 125 TUNNEL WALL, HELIUM
O 18.4 I8 193 TUNNEL WALL, NITROGEN
0 Lo L il Lo trnnl L
100 10! _ yu, l02 103
§=="

v
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HEAT TRANSFER TO FLAT DELTA WING WITH ATTACHED SHOCK

My =6 ; a=0°; A=70°; NATURAL TRANSITION

st

®
]
00— ¢
— A
0008 h
~ o
0006}~ [ |
L MQD. S-C
(STRIP THEORY)
0004 -= w
®
0002 3 ] 1 1 | L L1 1
i 2 Rox 4 6
Slide 9.

M. H. Bertram

TURBULENT HEAT TRANSFER TO DELTA
WING WITH DETACHED SHOCK
=298; QnOom ‘>u|\Oo..

TRIPPED B. L.

o—

A X

0Ol4

176 0I0
Zw~.8m8.<

006

o)

1.0

8
P

Py 6

4

0]

—rlxn.t

[T T 1T 1T T 1T 171 '«

[++]

MOD. S-C (STRIP THEORY)
ol ™!

Frr 1117

2
tan 8=y/x,
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15. Corner Flow at Hypersonic Speeds - P. Calvin Stainback and _!
Leonard M. Weinstein |
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P. C. Stainback .

CORNER-FLOW CONFIGURATION SURFACE-FLOW VISUALIZATION IN A CORNER
CANT ANGLE AND @ INITIAL BOUNDARY LAYER Me=8; Ry /ft=3.15x106
ONE OR 'BOTH SURFACES ONE  SURFACE as50;

L.E. SWEEP
ONE OR BOTH SURFACES ONE OR BOTH SURFACES

v TEMPERATURE-SENSITIVE OIL SMEAR
©. 7 PAINT
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P. C. Stainback ,

HEAT TRANSFER INA mezmm LAMINAR PEAK HEATING IN CORNER-FLOW REGION
Mg =8; R/ft=042x10 INCLINED SURFACE; M = 8; 0.42 X 106 £ Ry, /Tt 5 10108
Zmr max
1072

10-3

LAMINAR FLAT
o 5 PLATE THEORY

}
104 105 108 07 2x107
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P. C. Stainback ,

EFFECT OF CANT ANGLE ON LAMINAR PEAK HEATING TURBULENT HEATING IN A CORNER
Mo, =
Zm..:.nx @
_Onmi
LAMINAR
//
~ 2r M,=8 Ry=1.5xI0®
h \QJV//O{O\\\O
Plam.th % y=0°
LAMINAR FLAT 0 _ _ _ : : M
-3 X
10 PLATE THEORY =0 <
TURBULENT
v a=0°
¢, deg 2 M_=5 OR,=2xI07 ® Ny
© X
Iml ww h OR,= 5107
o 120 ~ h H S
a 270 turtth, INDICATED VALUE AT M58
1 ! 1 J
—O|h _ _ — . - - - »
lo# 108 106 o7 o 48 Tz 16 2o
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16.

Effects of Shock Impingement and Other Factors on Leading-Edge
Heat Transfer - Dennis M. Bushnell
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D. M. Bushnell

FLOW FIELD
INTERFERING FLOW FIELDS ASSOCIATED WITH LEADING-EDGE SHOCK IMPINGEMENT

Qe

SEPARATED-FLOW
REGION

STAGNATION-LINE
BOUNDARY-LAYER CONTAMINATION

BOW SHOCK
SHOCK IMPINGEMENT %

ON LEADING EDGE .

LEADING-EDGE SHOCK
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STAGNATION-LINE HEAT TRANSFER TO
GROOVED LEADING EDGE

Rep,p= 174 x 10%; M, = 8
.03-in. SQUARE GROOVES

400 NORMAL TO L.E.
o Dg7>in SWEPT-CYLINDER
00 THEORY
300r B° TURBULENT
QﬁOOOOOOOOOOOhOVOAOUOOOOOOIWI
o]
: LAMINAR
wozo|  OEULURERRRRERR Ry
100} REAR OF
z_oom_.
_____________
' _ # ‘ A _ ’ LOCATION OF omoo<mm
AN
0 mm_o_m___mmo
x/D
Slide 5.

D. M. Bushnell

HEAT TRANSFER TO LEADING EDGE WITH AND WITHOUT

GROOVES
Mp=8;x/D=12
THEORY
600 — TURBULENT
I~ O GROOVED
400~ o sMOOTH LAMINAR
ZZc
00—
u A
60— LOW  HIGH
@ | | ES.U IB.O |
40 I [ L [ W B A A
04 109 108
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17.

A Study of Hypersonic Inlet Technology - Norman E.
Shelby J. Morris, Jr., and Frank A. Pfyl
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STUDY OF HYPERSONIC INLET TECHNOLOGY
OBJECTIVES

® SUMMARIZE PRESENT STATE OF THE ART

® DESCRIBE AND EVALUATE COMPUTER PROGRAM

® EXTEND PROGRAM USAGE TO INLET DESIGN

Slide 1.

N. E. Sorensen

INLET TYPES
SUBSONIC BURNING
(" ADVANTAGES TYPES DISADVANTAGES )
INTERNAL COMPRESSION
m. &mxgﬂ __ﬁmz_: 1. LONGEST INLET
3 LW Gy 2. DIFFICULT TO START
o HiH s FLow 3. HiGH B.L. BLEED
1. HIGH COWL DRAG
(. SHORT INLET 2. HIGH Cpg
2. N) STARTING 3. MARGINAL PR
REQUIREMENT 4, INADEQUATE TRANSONIC
MASS FLOW
I HIGH PR. POTENTIAL e el
. R, (e — 2. MARGINAL TRANSONIC
2 LOW COML DRAG =T | SSELN
3, LOW Cpg e———— 3, LONGER THAN EXTERNAL
ﬁ COMPRESSION INLET
/

Slide 2.




" OPTIS

™

bl

8:=W
L37NI 34H

ONINYNE DINOSYH3dNS
SL137NI TvDIdAL

"¢ OPTTS

H38WNN HOYW 13N}
8 Fa 9 S 14 € Z |

; T T T T =T

NOISS3HdWOD TVYNYILNI e
S3dAL NOISS3YdWOD Q3IXIN

NOISSIHIWOD TYNHILXT e

s3anLs
LHOdSNYYL DINOSH3dAH
404 Q3sn

ONINYNA JINOSENS
30ONVWYO04H3d TYLINIWINIAX3

U9SUDIOG

AY3A003Y JYNSSI™J JOVI-3INIONT

d N



THROAT PRESSURE RECOVERY

EXPERIMENTAL PERFORMANCE
SUPERSONIC BURNING

6 8 10
INLET MACH NUMBER

Slide 5.

N. E. Sorensen

VISCOUS PROGRAM DESCRIPTION

INTERACTIONS

cowL

SHOCKS “
REAL BOUNDARY S

GAS LAYER ) .v..:,.._.m,..,,..”w...,..,,,..m,......u,.....,.,‘“....,.‘.‘.u, VORTEX
.. | SHEETS

2

BLUNT NOSE B.L. CENTERBODY
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N. E. Sorensen

. FLOW FIELD MODEL . BOUNDARY-LAYER SEPARATION CRITERIA
COMPUTER PROGRAMS M=5.2

INVISCID VISCOUS IMPINGMENT

° o | st
INVISCID . o 2nd
A a 3rd

mln
SEPARATION o
» hl
PRESSURE RATIO, NO SEPARATION
Bd |y 2|3 Pa/Pu e .
Pu 2°,
. INVISCID | 237 | 1.59 | 1.62 sg
VISCOUS| 480 | 3.74 | 1.88
0— L 1 1 1 S}
20 25 30 35 40 45
LOGAL B.L EDGE MACH NO, M,
Slide 9. Slide 10.
v

0
Y

;i



gy



18. Two-Dimensional Boundary Layer and Flow Fields of Hypersonic
Inlets - A. Vernon Gnos, William F. Gallo, and Eldon A. Latham
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A. V. Gnos

A -
L]
SCHEMATIC OF TEST MODEL
TYPICAL HYPERSONIC INLET
OVERHEAD
' BOUNDARY~LAYER
LEADING-EDGE RADII BOW PROBE
002" (SHARP) BOUNDARY SHOCK WAVE /
BOUNDARY LAYER, 082, UAYER \ f—"
\ . \
FLOW FIELD-
FREE
BOW SHOCK WAVE, N STREAM
N ‘ 3
I J—
S =
. RAMP OR CENTER BODY
BLUNT-BODY X/L 0 . . . 1.0
REGION '
’ _1 L=48" —
* PROBE STATIONS
. Slide 1.
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B

SHOCK-WAVE LOCATION AND SURFACE-PRESSURE DISTRIBUTION

Y/L

3

.2

.188" LEADING-EDGE RADIUS
M=10.5 Re/ft=2.0x10®

THEORY
———— VISCOUS
- —-—~ |NVISCID
SHOCK-WAVE LOCATION _ __
B e
L
e
\bl.l. “““u\
hwO‘QO.QO\|O\°|\|
m PRESSURE DISTRIBUTION
- R 2255000
“asg o
I S22 L0 0 3 LB D00 OED
L ) t | | 1 ' b ' ' )
0 .2 4 .6 .8 1.0
X/L
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LAMINAR BOUNDARY-LAYER GROWTH
SHARP LEADING EDGE
M=10.4 Resft=07x 108

—— = THEORY
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A7 e
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.188" LEADING-EDGE RADIUS
M=10.5 Re/ft=2.0x108

——— THEORY
o]
-m I~ [o]
L 8 ————
LAMINAR \\\\\\
- -7
\\ b
-~
L _ &
- .\\\.\\\0.\@
i el it b e Wl
2 4 6 8 1.0
X/L

Slide 9.

FLOW-FIELD PROFILES
188" LEADING-EDGE RADIUS
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19. Shock-Wave Boundary-Layer Interactions in Hypersonic Inlets - !
Earl C. Watson, John D. Murphy, and William C. Rose
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INTERACTION OF SHOCK WAVE WITH LAMINAR BOUNDARY LAYER
COMPRESSION SURFACE
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INTERACTION OF SHOCK WAVE WITH LAMINAR BOUNDARY LAYER
COMPRESSION SURFACE Mg =7.3 Axm\Ivoum.mx_Ou

PRECOMPRESSION FAN ,
IMPINGING EMERGING
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E. C. Watson

INTERACTION OF SHOCK WAVE WITH TURBULENT BOUNDARY LAYER
COMPRESSION SURFACE Mg =7.3 Amm\iv.uu.mx_Om

SHOCK EMERGING
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E. C. Watson

INTERACTION MODEL INTERACTION MODEL
LAMINAR BOUNDARY LAYER LAMINAR BOUNDARY LAYER
Mg=6.1 (Re/ft)g=5.3x105 a_ = B°
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N E. C. Watson

PREDICTION OF SHOCK STRUCTURE BY METHOD PREDICTION OF SHOCK STRUCTURE BY METHOD
OF CHARACTERISTICS OF CHARACTERISTICS
TURBULENT BOUNDARY LAYER TURBULENT BOUNDARY LAYER
M =6.5 (Re/ft), = 3ux106  aq_ =8°

IMPINGING SHOCK

3 EMERGING SHOCK

SUBLAYER
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Fuel Injection and Mixing in Scramjet Combustors - John R. Henry
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SCRAMJET FUEL INJECTION

FEATURES AND PARAMETERS

CONFIGURATION, M;, aj, Vj, o

L
R

—_———

M}, ap Vjs dV/dy

WALL INJECTION. ......
STREAM INJECTION. ......

STATUS
e DATA CORRELATION

S
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SCHEMATIC OF FLOW FIELD WITH WALL INJECTION

STREAM-TUBE
CROSS-SECTION A-A
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J. R. Henry

1 EQUIVALENCE - RATIO DISTORTION AT COMBUSTOR EXIT LOCAL EQUIVALENCE RATIOS IN SCRAMJET COMBUSTOR
. MULTIPLE INJECTORS IN LINE My=8; EDELMAN THEORY; m.ﬂuoﬂhAﬁ(va.
O KENWORTHY et al. = INJECTION AT 90° AR 2
m&eh [INGEN etal — INJECTION AT 30° (o
20 V=6630 fps —— 0065
A3/h =25 2o P1-203am -——— 032

— = o
#-033 LCI— ] T=I800°R _—STREAMTUBES FOR AN OVERALL $=1.0

* 1.2

Pmax~ $min 69 690 dog
. 3 75 /.08
8l .w%>u\>_ =20
76
A3/M=25  go 119
) a4l o 1] 109

GOAL

| | | | “ ]
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Ignition and Chemical Kinetics in Hypersonic Ramjets - Erwin A.
Lezberg
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b E. Lezberg
HYDROGEN-AIR REACTIONS
IGNITION AND CHEMICAL KINETICS INITIATION (SMALL PART OF DELAY)
1. Im+oN“oz+o_._
REACTION TIME CHAIN PROPAGATION AND BRANCHING
o IGNITION DELAY 2. Hp + OH - Hp0 + H
3. H+0,=0H+O
e CONSUMPTION OF REACTANTS
RECOMBINATION 4.0+ Hp - OH + 0
* 5. 0 + Hy0 = OH + OH
REACTION RATES AND CHEMISTRY GAS PHASE QUENCHING (LOW TEMP - HIGH PRESSURE)
ANALYTICAL CALCULATION OF IGNITION 6. H+0p+M=-HO+M
7. HOp + Hpy = Hp0p + H (SLOW)
AERODYNAMIC AND CHEMICAL EFFECTS ON IGNITION RECOMBINATION - DISSOCIATION (BULK OF ENERGY RELEASE)
REACTION RATE LIMITING COMBUS TION 8. Hp+M=H=+H+M

9. o~+_suo+o+>>
10. H+ OH + M =H0 +M
11. O+ H+M=0H+M
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E. Lezberg

HRE MACH 8 COMBUSTOR GEOMETRY AERODYNAMIC EFFECTS ON IGNITION
ANNULAR SECTION
SHOCK
FFUEL INJECTION NOZZLE MIN AREA; "~ MACH DISK -
\\. _wm:am 1 BURNER EXIT /L_‘V H2 AIR I.\Y\\ L
! SANNASNANSS \K ]
/ : >+ STRUT . AD/ NV
/ \
AIR —— ZBOUNDARY im “SEPARATION
SITANNNENNN aver |
5 10 15 20 To Too 2
AXIAL DISTANCE, IN.
SLOT INJECTION WALL JET INJECTION
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E. Lezberg,

COMPARISON OF KINETICS AND MIXING LIMITED EFFECT OF NITRIC OXIDE ON IGNITION DELAY
COMBUSTION CALCULATIONS —
M -8 ALT. - 88,000 FT, @ = 1.0, P = 1.7 ATM
Lo 10,0001 —
8 / MIXING CALCULATION N ,
/ __\x v s B Hy-AIR, @ = 1.0
! \ L
6 r \
B I IGNITION
STATIC |
PRESSURE, -~ _ DELRY.  LOOOE
ATM o -
‘T - Hp-AIR + 0.5% NO, ¢ = 1.0
— P-2ATM
2 -
COMBUSTOR EXIT~
~FUEL INJECTION 7
«\ 100 _ J
_ L 1 ! | 1000 900 800
0 4 8 12 16 20 TEMP, °K

AXIAL DISTANCE, IN,
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PERFORMANCE PARAMETERS
COMPARISON OF LOW AND HIGH ALTITUDE CHEMICAL LOSSES

Xpyf1) = (Xpy, + 12 Xy + 112 Xy)

2

TCH T Xy (0 - (X, + 112 Xg + 12 Xyg)

2, £Q.
_IVAC_(3) - IVAC (1)
¢ " IVAC (3') - IVAC (D)
ALTITUDE, CHEMICAL EFFICIENCY, mcy COMBUSTOR
FT EFFICIENCY,
COMBUSTOR | NOZZLE NOZZLE ¢
EXIT ENTRANCE EXIT
A-R=11 A R=40|A-R=23.6 A-R-L1|
88, 000 0.920 0.905 0.905 i
122, 000 0.853 0.798 0.795 0.648

Slide 13.
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22. Variable Pitch Supersonic Inflow Compressor and Its Application in a
Hypersonic Engine - Emanuel Boxer
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SCGHEMATIG DIAGRAMS OF VARIABLE-PITGH ENGINE

B A oo o o o o S W S S S N

——{l TN
GAS
GENERATOR

TURBOFAN OPERATION

W2 2 AP A A o o 7 o o A o o i o

="
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E. Boxer

EFFECT OF FAN PERFORMANCE ON ENGINE CYCLE
_L..m FUEL; ¢=10

———— SEA LEVEL STATIC
||||| MACH 3, 60 000 ft er i 1o

IMPULSE, sec
SPECIFIC 3 Pz/
IMPULSE, sec 4rx1o_____. 15
3 SPECIFIC 30
5% 10 THRUST, sec ’
140
B u_l L | | J
4 -~ o2 4 6 8
100
3l BYPASS
RATIO
12 P
-~
oL 60 8 \\\ \
Or Il L J
[ 2 3 4 41
FAN TOTAL-PRESSURE RATIO L
0o 2 4 6 8

FAN EFFICIENCY
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E. Boxer

CASCADE SCHLIEREN PHOTOGRAPH REPRESENTAT IVE CASCADE PERFORMANCE
SUPERSONIC AXIAL ENTRY Bir —— PREDICTION, MIXING METHOD
son. ciae. /o O AVERAGE SURVEY DATA
zw"mm. Mip=189"/  Mjp=1.62 ® DATA MIXED TO UNIFORM EXIT CONDITIONS

U=1159 ft/sec M

R = _.AOnmpwu 55°.0=15 Z%u_.mwum_mu 44.7° ,0=1.5

12 -
Mar o | I f
O
2R 8r p/ﬁ@/ -
.m i [ I 1 [ L { i 1 | 1 |
10 -
TOTAL-
PRESSURE 8 e ad -
RECOVERY @D O —quee
6F -
al L
.N — .
o 1 ! l [ | | L L. 1 L 1 1 A1 J
10 14 18 22 018 22 26 30
STATIC-PRESSURE RATIO STATIC -PRESSURE RATIO
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23.

Measurement Techniques for Hypersonic Propulsion wmmmmwnr Lloyd N.
Krause, Donald R. Buchele, and Isidore Warshawsky
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PERFORMANCE PARAMETERS

COMPONENT TESTING

INLET: EFFICIENCY, PRESSURE RATIO, SKIN
FRICTION, HEAT TRANSFER RATES,
INLET UNSTART

COMBUSTOR-NOZZLE: EFFICIENCY, INITIAL FUEL
DISTRIBUTION, LOCAL FUEL-AIR RATIO,
HEAT TRANSFER RATES, SKIN FRICTION,
FROZEN OR EQUILIBRIUM CONDITION,
DETECTION OF IGNITION POINT

ENGINE: GROUND AND FLIGHT TESTING

INTERNAL THRUST, SPECIFIC IMPULSE, THRUST
COEFFICIENT, HEAT TRANSFER RATES

Slide 1.

INTERNAL THRUST: Ty * Fyer * Dext = Maig(Va = Vol + My Vg + Psghq - Psoh

T:
Lot

SPECIFIC IMPULSE: 7
_,=zN

T:
THRUST COEFFICIENT:  Cyp = ﬂ

y-1
M
P2
PROCESS EFFICIENCY:  Kp =1 - ~—
252
hso
COMBINED COMBUSTOR- (hyg - hypt
NOZZLE CHEMICAL  mcy, , * CvERTe —
IDEAL

EFFICIENCY:

Slide 2.
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PITCH

YAW

HINGE

PIPING=~_

PRINCIPAL
THRUST SPRING
{FAIRING NOT _
SHOWN)——""

D

Slide 5.

7AUXILIARY
/ PITCH
CONSTRAINT

PITCHING <
MOMENT N
ARM )&A'

~-CONSTRAINT
(IF REQUIRED)

PRESSURE RATIOS,

TOTAL PRESSURE

p
YND A
\
FLOW
1
Py
pv?
M
2 4 6 10
MACH NO., M
Slide 6.

L. N. Krause

~TOTAL
/' PRESSURE PROBE

TO ES E
= PRESSUR

TRANSDUCER

~SHOCK WAVE
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CONNECTED PIPE WITH
UPSTREAM ORIFICE

FLOW NOZZLE
DOWNSTREAM OF INLET

SHOCK ON LIP PLUS
INLET CONDITIONS

AR FLOW RATE

\vnmmmcwm GAUGES

FLOW —» ﬁ w COMBUSTOR-NOZZLE

ow_m_nmL

._.xmw_soz—:mxk _~<PRESSURE GAUGES

\
~NOZZLE

FLOW —=

Pen, Pig, T
S0 Ttor 70 ““SHOCK ON LIP
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L. N. Krause .

AR FLOW RATE
PROBE SURVEY AT ENGINE EXIT ~MASS FLOW
~" PROBE
FLOW
MASS-FLOW PROSBE, #
pV
TOTAL-PRESSURE pAND YV :
PROBE, pv2 \ -
ﬁrOz_:nm
PROBE NOSE~" (PViproBE X
SPIKE POSITION CORRELATION ~SPIKE

AIRFLOW
RATE

/\ POSITION

>

MACH NO. x PRESSURE
f (FLOW ANGLE)

Slide 10. .
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LOCAL TOTAL ENTHALPY AND RELATED

ENTHALPY
CALORIMETRIC PROBE
TEMPERATURE
THERMOCOQUPLES
*RADIATION-SHIELDED, HIGH RECOVERY
Ir60Rh-Ir
CONDUCTION- AND RADIATION-COOLED
Ir60Rh-Ir
*RADIATION-COOLED BARE WEDGE
Ir60Rh-Ir
W5Re-W26Re
OPTICAL PYROMETRY OF A SURFACE
HEAT TRANSFER RATE
*COOLED-GAS PROBE
*COOLED-TUBE PROBE
STAGNATION-POINT PROBE
DENSITY
*PNEUMATIC PROBE
SOUND VELOCITY
SOUND VELOCITY PROBE

Slide 13.

QUANTITIES

TO 4300° R (24000 K)
TO 4900° R (2700° K)

TO 4600° R (2500° K)
TO 50000 R (2800° K)

L. N. Krause .

NONLINEAR SPATIAL AVERAGING

EMITTANCE

COLD

BOUNDARIES~_

«1

RELATIVE
MAGNITUDE

Slide 1h.

~HOT GAS
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ABSORP-
TION

PATH
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LOCAL STATIC TEMPERATURE (OPTICAL METHODS)
LOCAL EXCITATION SPECTRAL SCAN

RECEIVER

SPATIAL SCAN
LINES OF SIGHT~

T = TRANSMISSION FACTOR

T N

GAS STREAM-"
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24. Introductory Remarks - Richard R. Heldenfels
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_R. R. Heldenfels

LANGLEY 8-FOOT HIGH TEMPERATURE
STRUCTURES TUNNEL

Slide 7.

LANGLEY 8-FOOT HIGH-TEMPERATURE STRUGCTURES TUNNEL

bOOOﬁ

3000

STAGNATION
._.mg_um__.wbﬂcmm.

2000

1000

ALTITUDE, ft 3
110] 100 90 mox_o
T T I

##DESIGN CONDITIONS

MM, =7 FLIGHT SIMULATION
Aﬂuﬂ-’\-D:C—JZQ_\‘AU.._“SAU*__O—._*

1 | 1 |
1000 2000 3000 4000
STAGNATION PRESSURE, psi
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25.

Structural Comparison of All-Body and Wing-Body Liquid Hydrogen
Fueled Hypersonic Aircraft - Mark D. Ardema and Thomas J. Gregory







M. D. Ardema

WING -~ BODY CONFIGURATION

GTOW = 500,000 b

BODY VOLUME = 71400 ft3
WING AREA = 6250 ft2

g

32 ft

Slide 3.

LOADING MODEL
ALL BODY

TAIL
LIFT

*
9

\ \ WEIGHT
PROPULSION BODY

CANARD---—

Slide kL.
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M. D. Ardema

-

OADING MODEL
L ooy ANALYSIS CONSIDERATIONS AND ASSUMPTIONS

— k @ LOADING CONDITIONS

e LONGITUDINAL BENDING
° oo e 2 pSi MAXIMUM INTERNAL PRESSURE

® FAILURE MODES

e TENSION AND COMPRESSION YIELD STRENGTH
e PANEL BUCKLING (WIDE COLUMN)
GEAR REACTIONS » GENERAL BUCKLING (FRAME SPACING BY
. SHANLEY'S METHOD)

@ NOMINAL STRUCTURE

e TRUSS CORE SANDWICH
e 0.0l in. MINIMUM GAGE
® REN‘E 41 AT 1200° F

WING PROPULSION

Slide 5. Slide 6.
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26.

Structural Materials for Hypersonic Aircraft - Bland A. Stein, Walter Illg,
and John D. Buckley
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B. A. Stein ,

"

EQUILIBRIUM SKIN TEMPERATURES

M_=8; 42200 pof TEMPERATURE-TIME MINIMUM OBJECTIVES

LIQUID

2650° F APPLICATION TEMPERATURES,°F  EXPOSURE TIMES, hr
2650°F + PRIMARY STRUCTURE BELOW 1600 >5000

IR

3260°F R
///,,,///////////////%%ﬁ///%% « HEAT SHIELDS 1600 TO 2000 >5000
_ = - LEADING EDGES 2000 TO 3100 >50
» TEMP, °F 750° F « NOSE CAP 3100 TO 4000 >5
B ABOVE 2000
B 1600 TO 2000 « HYDROGEN TANKAGE -423TO 600 >5000

S 1400 TO 1600
[ BELOW 1400

Slide 1. Slide 2.
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MATERIALS FOR PRIMARY STRUCTURE
STRENGTH AND DUCTILITY

DUCTILITY

STRENGTH

1800~ 40-ksi YIELD STRESS
2oz %\N\MN
1700 - 77
| oy,
TEMP, TAZ-8A
F 1600
1500
1400 ﬁ
1300 ﬁ L | | | | | |
10 00 1000 10000 O SO0 1000 1500 2000
EXPOSURE TIME, hr TEMR, °F

Slide 5.

B. A. Stein .

MATERIALS FOR PERMANENT HEAT SHIELDS

OXIDATION CREEP
0.002-in.SHEET THICKNESS LOSS  0.2-PERCENT CREEP STRAIN, 5 ksi
2000 - " T - - -
TDNIC, D 7V/ﬁju NiC]
1900 | 713 C -
Hast. X -
i TAZ-8A |
n.
TEMP. 8OO \ .
°F
1700 |- 4\%
1600 5693 \\\%ﬁ
1500 //, {

i ] L J
10 100 1000 10000 |0 100 1000 10000
EXPOSURE TIME, hr

Slide 6.
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... B- A Stein.

NOTCH TENSILE STRENGTH FOR HYDROGEN -TANKAGE SUMMARY
MATERIALS
&
6 e PRIMARY STRUCTURE : AVAILABLE SHEET MATERIALS APPEAR
16-X10 ADEQUATE TO 1400° F ; INADEQUATE AT 1600°F
T-5A1-25 Sn,
12" hd o HEAT SHIELDS : DISPERSION STABILIZED NICKEL-20 PERCENT CHROMIUM
NOTCH STRENGTH //% 30! STAINLESS STEEL, APPEARS PROMISING FROM 1600°F TO 2000°F
DENSITY ’ _
in. 8- —
/ll T—

— o LEADING EDGES: CURRENT MATERIALS REQUIRE REPLACEMENT AFTER -
AP —_ AlzaloTeT o~ | | OR 2 FLIGHT CYCLES AT 3100° F
" RENE 41—"~~_____ | CTi-5A1-2.55n

—==—==—1/5Q min AT 600°F
° _ o V Ol-psig H, o NOSE CAPS : JTA GRAPHITE COMPOSITE APPEARS PROMISING FOR 2 OR 3
S—5————5—at5—5b0 CYCLES AT 4000°F
TEMR, °F
HYDROGEN TANKAGE : STAINLESS STEELS APPEAR MOST PROMISING
BECAUSE OF BOTH CRYOGENIC AND ELEVATED
TEMPERATURE OPERATION REQUIREMENTS
Slide 9.
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A Carbon Dioxide Purge and Thermal Protection System for Liquid
Hydrogen Tanks - L. Robert Jackson and Ellsworth L. Sharpe
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L

LIQUID HYDROGEN TANKS

7

N
=3 THy 2 (I8 tHe E L0/
———— £ AN

UNSEALED

Al
EVACUATED STRUCTURE

SEALED SURFACE PURGE GAS

VACUATED CONTAINER

Slide 1.

—_—

PURGED

L. R. Jackson

CO, PURGE AND FROST SYSTEM

UNSEALED
STRUCTURE

LOW pk > L
FIBROUS )

INSULATION \V&\A

CO, FROST

Slide 2.
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EFFECT OF DEPOSITION TIME ON CO, SYSTEM WEIGHT

COp
SYSTEM
WEIGHT,

b/t

4.0

3.0

2.0

MINIMUM I\_

CO, THERMAL PROTECTION
SYSTEM INCLUDES:
* VAPORIZED FUEL

* INSULATION
» CO, FROST

1 ) |

1.0 2.0 30
DEPOSITION TIME, , hr

Slide 5.

40

L. R. Jackson

CO, PURGE CONDITIONS DURING AN ABORTED FLIGHT

1500

-460

1.0
_ ABORT 8
AERODYNAMIC m, 6
SURFACE
Ib/hr-ft2
4
A 2
~"TANK UPPER SURFACE
1 1 1 J
o I 2 3 4 0

FLIGHT TIME, hr

Slide 6.

FLIGHT TIME, hr
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L. R. Jackson .

CO, SYSTEM TEST RESULTS

1600 |- AERODYNAMIC SURFACES
1200
800 |-

0 T,°F
400
°r - &B\ow\mm

- \D\H|D - L \Q.\-AN.'QIIQ hv)

oot A G P T e
0 5 10 15 20 25 30 35

FLIGHT TIME, min

Slide 9.
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28.

Fuselage and Tank Structures for Hypersonic Aircraft - John L. Shideler
and L. Robert Jackson




-
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FIN TANK WALL CONFIGURATIONS

NONINTEGRAL

Slide 1.

INTEGRAL

TANK-STRUCTURE

J. L. mEQonH..

WEIGHT-STRENGTH ANALYSES OF CYLINDERS
SUBJECTED TO AX!AL COMPRESSION

LOAD STRINGER

~//~—ECCENTRICITY

CONSIDERATIONS:
1-INTERNAL OR EXTERNAL RINGS

2-INTERNAL OR EXTERNAL STRINGERS
3-ARBITRARY SKIN, STRINGER, AND RING GEOMETRIES
4-1OCAL INSTABILITY, PANEL INSTABILITY,

AND GENERAL INSTABILITY

Slide 2.
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THERMAL PROTECTION SYSTEMS

HELIUM TRANSPIRATION

AERODYNAMIC SURFACE

= He

He __|
(-420°F)

AT

=

ﬁ =27
LH, COOLANT /_ch_ub._._oz

&5 TANK WALL

MULTIWALL SANDWICH
SEALED SURFACE

A

EVACUATED

-

/D_Zv_lmc AND PLAIN
SHEETS, POLISHED

TANK WALL

Slide 5.

J. L. Shideler

THERMAL PROTECTION SYSTEMS

CO, PURGE
AERODYNAMIC SURFACE
=0,
0, @m_mmo& INSULATION
FROST

TANK WALL

NITROGEN PURGE
AERODYNAMIC SURFACE

Ny

wsocsion {77/ /7777777

DENSIFIED
INSULATION

LIQUID AND SOLID NITROGEN
LH, COOLANT

Slide 6.
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BASIS OF FUSELAGE-TANK WALL WEIGHTS
HYPERSONIC CRUISE AIRPLANE, MACH 8

(\} PRIMARY STRUCTURE
{a) BENDING LOAD =1500 Ib/in.
(b) ALLOWANCE OF 0.75 Ib/ft2 FOR BULKHEADS,
REINFORCEMENTS, ETC.

(2) THERMAL PROTECTION
{a) FLIGHT TIME =1.5 hr
{b) AVERAGE AERODYNAMIC SURFACE TEMP.=I500° F

(3) TANK
(a) BENDING LOAD =350 Ib/in.
{b) INTERNAL PRESSURE =15 psi

(4) HEAT SHIELDS
(a) PRESSURE LOAD =0.75 psi
(b) ALLOWANCE OF 0.25 Ib/f1? FOR OMEGA SEALS

Slide 9.

STRUCTURAL WEIGHT COMPARISONS
BASED ON CRUISE AIRPLANE MISSION

J. L.

Shideler .

TYPE OF WEIGHT, Ib/ft2
THERMAL
PROTECTION |SHIELD| T.PS. | TANK | STRUCTURE | TOTAL
INTEGRAL CONFIGURATION
HELIUM
TRANSPIRATION| MO | 39 | — 2.0 6.9
EVACUATED
MULT IWALL 0.3 2.0 — 2.0 4.3
NONINTEGRAL CONFIGURATION
co, FROST 0o | 25 | 12 1.5 6.2
N, PURGE — 1 29 | 15 24 6.8

Slide 10.







29. Analysis of Wing Structures for Hypersonic Aircraft - Melvin S. Anderson,
James C. Robinson, and George F. Klich






M. S. Anderson .

WING STRUCTURES STUDIED TEMPERATURE DISTRIBUTION THROUGH WING
MAXIMUM T AND AT

i _O| ~o~

AT=
WAFFLE z,in. _t . 450°F
| v o________rl.—_____
MONOCOQUE 10
BIAXIAL STIFFENED 1 he AT=
BEADED z,in.  450°F
aal fo] N I B Lpell 111
or SRS SRS o
DWISE STIFFENED - Or o
O~ sURFACE
TUBULAR z,in. Zuf TEMPERATURE
peer L
o)
a 500 1000 1500 2000
SEMIMONOCOQUE T RATURE oF

SPANWISE STIFFENED

Slide 5. Slide 6.
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M. S. Anderson

EFFECT OF CONSTRUCTION ON WING PANEL STRESS RESULTANTS
— SEMIMONOCOQUE —

CHORDWISE WING PANEL STRESS RESULTANTS
WAFFLE PANELS MONOCOQUE
TWO POINT SUPPORT BESDED vsormon
WAFFLE CHORDWISE SPANWISE
FULL SUPPORT N STIFFENED STIFFENED
LLLLLLLLLLLL L #
MHW"ZX _ o T T T 1 T 1] 1 1 faalind BN (S |
Zx. / I N /
. ] /
SOURCE bzin_ 1 JEN Y,
—-— TEMPERATURES N S \ -
o~ e s
| -x 103 — AIR LOADS _ -2 Lxjod ) I | | | ) I
SOURCE
\\.\/\\/ —-— TEMPERATURES
0~ f F=r— = “ —>— —— AIR LOADS
Ny AN ___ AN .._ I rx10
Ib/in, ,, ! e Ny, ﬁ ﬁ
-1k \ J N e Ib/in e
K N R P -~
\ \\lrrl\\\ ‘r !I/_r
LY ’
-2 L (4 | | L | | ) -1 | | | I
0 00 200 300 400 0 100 200 300 400 O 100 200 300 0O 100 200 300 O 00 200 300
ROOT CHORD, in. ROOT CHORD, in.

Slide 12.
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M. S. Anderson

WING STRUCTURES STUDIED
WEIGHT, psf

MONOCOQUE
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Regeneratively Cooled Structures for Hypersonic Aircraft - H. Neale Kelly
and John L. Shideler
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H. N. Kelly .

PROPULSION SYSTEM STRUCTURE HYDROGEN PASSAGE GEOMETRY
ROUND TUBES
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H. N. Kelly ,

HYDROGEN-COOL ED COMPOSITE-STRUCTURE WEIGHTS
HYDROGEN - COOLED COMPOSITE-STRUCTURE CONCEPTS 2- BY 2-ft PANEL; Q=50 Blu/sec 5Ty ) et 0 ¢

o~ _

HEAT EXCHANGEK

INTEGRAL BONDED ATTACHED

Aﬁmooom
_uooom»MW/,

4

| | |
o 50 100 150 200 250
PRESSURE LOADING, psi
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TYPICAL DESIGN TRADE-OFFS
BONDED DESIGN; 2- BY 2-ft PANEL; p=100 psi; (Q/A} ;=250 Btu/sec-fi2;

8.5 T, =4540°F
80} o (T, =1140°F
INSULATION (™M, ) outier
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iu
Ib/ft2
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6.0 1 I 1 ]
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Hp FLOW RATE, Ib/sec-ft2
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TYPICAL DESIGN TRADE-OFFS
BONDED DESIGN;2-BY 2- ft PANEL; p=100pSi; (Q/A) 4, =250 m:._\mmo-iﬂ

T, = 4540°F ; he =025 in

8.5

8.0}

7.0L 1300°F

6.5 1140°F

6.0 L L

_~K40°F, COOLANT OUTLET TEMP

H. N. Kelly .
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31.

Dynamic and Aeroelastic Consideration of Hypersonic Aircraft - A. Gerald
Rainey and Dennis J. Martin
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DYNAMIC AND AEROELASTIC CONSIDERATIONS

e ENGINE NOISE

e BOUNDARY~-LAYER NOISE

¢ FUEL SLOSHING

e FLUTTER

e GUST RESPONSE
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ENGINE NOISE

A. G. Rainey
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130k
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NOISE
LEVELS,
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120+
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100 : i 1 |
0 _ 2 3 a

ALTITUDE, ft

Slide 2.




oote

AJON3IND3IYA

" OPTIS

009 008

(SNOILIGNOD 3SINYD)

LINILINOD ADNINO3HS

sdo
9 sd
Nc )

vy d
wtvﬁ

o

S

SNOILIONOD |
3SINYD

arc XYW 1SH
13AFT TIvH3A0

3SION H3AVI-AYVANNOS TWNH3LX3

19

g

Jsd
.Qb

L2l

"€ SpT1TS

AON3ND3Y4 HILINID ANVE-3AVLIO0
0008 0002 00s @2l €9

i T _ T T T T ‘~O__

02l

gp
*S3A37 3SION

oel

13r JINOSANS

~0vl

LSNYHL TIN4 %4 002 = 3ONVLSIA
3SION 3NI9N3 40 vH103dS



EFFECTS OF FLEXIBILITY

ON SLOSH DAMPING OF RING BAFFLES

DAMPING g1y

ODZU_ZOZOE
3.0r

2.5

2.0

1072 g4 102 02 107 10
BAFFLE FLEXIBILITY,F
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A. G. Rainey .,

SUBSONIC FLUTTER RESULTS FOR FLEXIBLE WING-BODIES

MEASURED
FLUTTER
VELOCITY

Mo=0.2 ; HODSON (N.AA)

CALC. FLUTTER VELOCITY
(LOW R THEORY)
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ALTITUDE VARIATIONS OF ATMOSPHERIC TURBULENCE LOWER LIMITS OF LOAD RESPONSE IN RELATION

STORM CONDITIONS TO SPECTRUM OF ATMOSPHERIC TURBULENCE
120¢x103 TYPICAL CRUISE _ CRUISE CONDITIONS
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|||||||||| HST L e ——— —~SsT
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0 4 8 12 10-5 104 1073 1072 100000 10000 1000
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Slide 9.

Slide 10.




*TT SPTTS

sdd ‘AON3IND3YA

o, O

. 2

O'l=4p
Eoeo\

0L-8X ONV LHOdSNVYL L3r DINOSENS VIIdAL
S3dVHS VH133dS NOILVYITIDOV-TVIILYIA NOILVLIS-10TId

b
KR Aourey D 'y



» 32. Flutter Design of Stiffened Skin Panels for Hypersonic Aircraft - Herman L.
, Bohon, Melvin S. Anderson, and Walter L. Heard
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EFFECT OF MACH NUMBER ON FLUTTER BOUNDARY

D +/M2-|

H. L. Bohon

FLUTTER PARAMETER ON ASCENT TRAJECTORY
MACH 8 CRUISE VEHICLE
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4 FLUTTER BOUNDARY FOR FLEXIBLE SUPPORTS

1000

FLUTTER
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H. L. Bohon

FLUTTER OF HIGHLY ORTHOTROPIC PANELS

FLOW IN STRONG DIRECTION

5001 ’

FLUTTER

SIMPLE SUPPORT

NO FLUTTER
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! 1
% 5 1.0 5 0
Kp 1/Kp
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EFFECT OF ED

GE TORSIONAL STIFFNESS

H. L. Bohon

COMPARISON OF THEORY AND EXPERIMENT

SIMPLE SUPPORT
BOUNDARY
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